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Japanese Patent Laid-Open Publi M *?3'€ 

^ W * toiicatl °n No. Heisei 9-8205 

[TITLE OF THE INVENTION! 
RESIN-ENCAPSULATED SEMICONDUCTOR DZV1ZZ 

i CLAIMS ] 

A resin-encapsulated semiconductor device '<s--~ 
a lead frame which is shaped in accordance wi ; h a^wc-^eo 
etching process to a body wherein a thickness of ^ 

c omp ri s i n o : 

innSr 1SadS haVing the Sickness less than chat of the 
iead frame blank; and 

cecr.lnai columns integrally connected „ ^ 
leads and having the sane chi = kness 

° lank ' "-'^ terminal Co1 — P-sessing a column-shaped 
configuration which is adapted „ be eUccricaiiy connected 
=o an external circuit, the terminal columns being dtsoosed 

coupled to the inner in . u. 

^nner _eads m a direction orthogonal to the 

thickness-wise direction the-eof th* ^ • , 

cne.eor, tne terminal columns 

having terminal Dorf'ons a*-,-ar,„^ 

• ° nS ranged on top ends thereof, the 

terminal portions being made of solders 01-,. 

soiaers, etc. and exposed 

to the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 
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surfaces including a first surface, a second surface, 
third surface and a fourth surface, the first surface beir. 
flushed with one surface of a remaining portion 



o 

inner iead having the same thickness with tr 



e -eac frarr. 

blank while being opposed to the second surface, 



anc ear: 



of the third and fourth su-r arpq h . THn ^ a 

u.. su^^dces Having a concave shaoe 

depressed toward the inside of the inner lead. 



2. A resin-encapsulated semiconductor device using 
a lead frame which is shaped in accordance with a two-step 
etching process to a body wherein a thickness of inner 
leads is less than that of the lead frame blank, 
comprising : 

inner leads having the thickness less than that of the 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed' to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and having four surfaces including a f irs 
surface, a second surface, a third surface and a fcurt 
surface, the first surface bein, flushed with cr.e surras 
of a remaining portion of the inner lead having the sa~ 
thickness with the lead frame blank. while being opposed t 
the second surface, and each of the th-:- a - 
surfaces having a concave shape depressed toward the inside 
of the inner lead. 



3. The resin-encapsulated semiconductor device as 
claimed in claims 1 or 2, wherein a semiconductor chip is 
received inward of the inner leads, and electrodes of the 

semiconductor chiD a*-e ei?'-— , - a i'„ - 

'-■-P a.e eie^.^.d^y connected to the inner 

leads through wires, respectively. 



4- The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame has a die pad, 
and the semiconductor chip is mounted onto the die pad. 



3- The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip is fastened to the 
inner leads using a reinforcing fastener tape. 



The resin-encapsulated semiconductor devi 



ce as 
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claimed in claims 1 or 2, .wherein the semiconductor chic i 
fastened by means of insulating adhesive to the sercr. 
surfaces of the inner leads on cne surface thereof on whic 



:ne electrodes are located, 



ana the electrodes cf th 
semiconductor chip are electrically .connected to the firs 
surfaces of the inner leads through wires, respectively. 

7 - The resin-encapsulated semiconductor device as 
claimed in claims 1 or 2, wherein the semiconductor chip is 
fastened to the second surfaces of the inner leads by bumps 
thereby to be electrically connected to the inner leads. 

[ DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 

The present invention relates to a resin- 
encapsuiated semiconductor device capable of meeting the 
requirement for an inorease in the number of terminals and 
resolving problems which are caused in association with 
position shift and coplanarity of an outer lead. 

[DESCRIPTION OF THE PRIOR ART] 

FIG. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device (a plastic 
lead frame package,. The shown resin-encapsulated 

semiconductor device includes a die pad 1511 having a 
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semiconductor chip 1520 mounted thereon, outer leacs 13: 
to be electrically connected to the associated circuits 
inner leads 1512 formed integrally with the outer leac 
1513, bonding wires 1530 for electrically tor.nertir.c th 
tips of the inner leads 1512 to the bonding pad 1521 of the 
semiconductor chip 1520, and a resin 1540 encapsulating the 
semiconductor chip 1520 to protect the semiconductor chip 
1520 from external stresses and contaminants. This resin- 
encapsulated semiconductor device, after mounting the 
semiconductor chip 1520 on - he 5onding pad ^ . g 
manufactured by encapsulating the semiconductor chip 1520 
with tne resin. In this resin-encapsulated semiconductor 
device, the number of the inner leads 1512 is equal to that 
of the bonding pads 1521 of the semiconductor chip 1520. 
And, FIG. 15(b) shows the configuration of a monolayer lead 
frame used as an assembly member of the resin-encapsulated 
semiconductor device shown in FIG . 15a. Such a lead frame 
includes the bonding pad 1511 for mounting the 
semiconductor chip, the inner leads 1512 to be electrically 
connected to the semiconductor chip, the outer lead 1513 
which is integral with the inner leads 1512 and is to be 
electrically connected to the associated circuits. This 
also includes dam bars 1514 serving as a dam when 
encapsulating the semiconductor chip with the resin, and a 
frame 1515 serving to support the entire lead frame 1510. 
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Such a lead frame is formed from a highly conductive .eta 
such as a cobalt, 42 alloy (a 42% Ni-Fe alloy), copper-base 
alloy by a pressing working process or an etching process 
-13. 15(b)(0) is a cross-sectional view taken along the 
line F1-F2 of FIG . 15(b) K). 

decently, there has been growing demand for the 
miniaturization and reduction in thickness of resin- 
encapsulated semiconductor device employing lead frames 
like the lead frame (plastic lead frame package) and the 
increase of the number of terminals of resin-encapsulated 
semiconductor package as electronic apparatuses are 
miniaturized progressively and the degree of the 
integration of semiconductor device increase progressively. 
Thus, recent resin-encaosuiated semiconductor package, 
particularly quad plate package (QFPs, and thin quad flat 
packages (TQFPs ) have each a greatly increased number of 



pins , 



Lead frames having inner leads arranged at small 
Pitches among lead frames for semiconductor packages are 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by preS s working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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Pins are fabricated by ejecting a bian* of a thicioess 
the order of 0.25 „ to an. .tchin, process, not a pre 
working. 

The etching process for forming a lead frame havir 
fine inner leads win be described hereinafter w,t 
reference to FIG. 14. First, a copper alloy or 42 alio 
thin sheet of a thickness on tne order of 0.25 mm {a lea 
frame blank 1410) is cleaned perfectly (FIG. 14(a)). Then 

a photoresist, such as a wa^'-^i-m^ 

a wa.e. soluble casein photcresis 

containing potassium dichromate as a sensitive agent, is 
spread in photoresist films 1420 over the major surfaces of 
"he thin film as shown in FIG. 14(b). 

Then, the photoresist films are exposed, through a 
mask of a predetermined pattern, to light emitted by a 
high-pressure mercury lamp, and the thin sheet is immersed 
" 3 dSVel °P- development to form a patterned 

Photoresist film 1430 as shown in FIG . 14(c). Then, the 
thin sheet is subjected, when need be, to a hardening 
Process, a washing process and such, and then an etchant 
containing ferric chloride as a principal component is 
sprayed against the thin sheet 1010 to etch through 
portions of the thin sheet 1410 not coated with the 
patterned photoresist fil ms 1020 so that inner leads of 

predeternuned sizes and shapes are formed as shown in FIG. 
14 (d) . 
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Then, the patterned r es <s* *ii me 

^ 5 * s " -Urns are removed, 

patterned thin sheet mo is uashed „ ]' . ™ 

inn « «- ---d shapes as shown i 

FIG. 14(e). Predetermined areas of the lead frame thus 
formed by the etching process are .silver-piated . ~-Z 
being washed and dried, an adhesive poiyimide tape is s-Z 
to the inner leads for fixation, predetermined tab oars a-e 
dent, when need be. and the die pad depressed. In the 
etching process, the etchant etches the thin sheet in both 
tne direction of the thickness and directions ? erpendicu> a. 
to the thickness, which limits the miniaturization of inner 
^ad .oitoh.es of iead frames. Since the thin sheet is 

etched from both the major surfaces a * .u 

j^- su.^aces as snown in FIG 14 

curing the etching process, it is sard, when the iead frame 

-s a iine-and-space shape, that the smallest possible 

intervals between the lines are in the range of 50 to 1001 

of the thickness of the thin sheet. rrom the viewpoint of 
forming the outer lead ^ m 

generally, the thickness of the thin sheet most be about 
0.125 mm or above. Furthermore, the width of the inner 
ieads must be in the range of ,0 te 80 Dm for successful 
wire bonding. When the etching p r0 cess as illustrated in 
™. 14 is employed in fabricating a lead frame, a thin 
sheet of a small thickness in the range of 0.125 to 0.15 mm 
» -ed and inner leads are formed by etching so that the 
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fine tips thereof are arranged at a pitch of about 0 



mm . 



However. recent miniature resir.-e.ncap.uiarec 
semiconductor pacxage requires inner leads arrar.oed at 
Pitches in the range of 0.13 tc 0.1.5 mm, far seller than 
0.165 mm. „hen a lead frame is fabricated by process-no a 
".in sheet of a reduced thickness, the strencth o- 

withstand external forces that nay be applied thereto in 
the subsequent processes including an assembling process 
and a chip mounting process. Accordingly, there is a limit 
to the reduction of the thickness of the thin sheet to 
enable the fabrication of a minute iead frame having fine 
leads arranged at very small pitches by etching. 

An etchrng method previously proposed to overcome 
such difficulties subjects a thin sheet to an etching 
Process to form a lead frame after reducing the thrcxness 
of portions of the thin sheet corresponding to the inner 
leads of the lead frame by half etching or pressing to form 
the fine inner leads by etching without reducing the 
strength of the outer leads. However, problems arise in 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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is unsatisfactory, the inner leads cannot be formed i., 
flatness and a dimensional accuracy recurs to -■ 
lead frame accurately for bcndir.c and mc^- • a -, 
piatemaking process must be repeated twice making the lea 
fabricating process intricate. . is also nece ssarv t 

repeat a piatemaking process twice when the thickness o 
the portions of the thin sheet corresponding to the inne: 
leads is reduced by half etching before subjecting the thir 
sheet to an etching process for forming the lead frame, 
which also makes the lead frame fabricating process 
intricate. Thus, this previously proposed etching method 
has not vet been applied to practical lead frame 
fabricating processes. 



[SUBJECT MATTERS TO BE SOLVED BY THE INVENTION] 

On the other hand, because a pitch among inner leads 
is made narrow as the number of terminals is increased, it 
is considered important to know whether a problem is caused 
or not in association with position shift or coplanarity of 
an outer lead when implementing a chip mounting process. 
Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, 
and an object of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 
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and resolving problems which are caused in association witr. 
position shift and coplanarity of an outer lead. 

•MEAN'S FOR SOLVING THE SU3JECT MATTERS: 

According to one aspect cf the present invention, 
there is provided a resin-encapsulated semiconductor device 
using a lead frame which is shaped in accordance with a 
two-step etching process to a body wherein a thickness of 
inner leads is less than that of the lead frame blank, 
comprising: inner leads having the thickness less than that 
of the lead frame blank; and terminal columns integrally 
connected to the inner leads and having the same thickness 
with the lead frame blank, the terminal columns possessing 
a column-shaped configuration which is adapted to be 
electrically connected to an external circuit, the terminal 
columns being disposed outside of the inner leads in a 
manner such that they are coupled to the inner leads in a 
direction orthogonal to the thickness-wise direction 
thereof, the terminal columns having terminal portions 
arranged on top ends thereof, the terminal portions being 
made of solders, etc. and exposed to the outside beyond a 
resin encapsulate, outer surfaces of the terminal columns 
also being exposed to the outside beyond the resin 
encapsulate, each inner lead possessing a rectangular 
cross-section and having four surfaces including a first 
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surface, a second surface, a third surface and a four: 
surface, the first surface being flushed with one surra: 
of a remaning portion of tne inner lead having the sa, 
thickness with the lead frame blank while being opposed t 
the second surface, and each of .the third and four- 
surfaces having a concave shape depressed toward the inside 
of the inner lead. 

According to another s«;o»-- 

y anouner aspev... 0i ,ne present invention, 

there is provided a resin-encapsulated semiconductor device 

using a lead frame which is shaped in accordance with a 

two-step etching process to a bony wherein a thickness of 

inner leads is less' than that of the lead frame blank, 

comprising: inner leads having the thickness less than that 

of the lead frame blank; and terminal columns integrally 

connected to the inner leads and having the same thickness 

with the lead frame blank, the terminal columns possessing 

a column-shaped configuration which is adapted to be 

eiectrioaliy connected to an external circuit, the terminal 

columns being disposed outside of the inner leads in a 

manner such that they are coupled to the inner leads in a 

direction orthogonal to the thickness-wise direction 

thereof, portions of top ends of the terminal columns being 

exposed to the outside beyond a resin encapsulate, outer 

surfaces of the terminal columns also being exposed to the 

outside beyond the resin encapsulate, each inner lead 
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P osses,in, a rectangular cross-section and having - 0 .. 
surfaces including a f trst sur£a=e , , second _ 

SUrfaCS and 3 f0 " Eh »<"-'«.. the firs, surface b.-o 
flushed with one surface of a raining oor-.ior =- 
inner lead having the same thickness with the lead fram- 
olan, while berng opposed to the second surface, and 
of the third and fourth surfaces having a concave shaoe 
depressed toward the inside of the inner lead. 

According to another aspect of the present invention, 
a semiconductor chip is received tnKard of th . ^ ^ 
end electrodes (? ads, of the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According „ another aspect Qf ;he 
invention, the lead frame has . die ^ ^ ^ 
semiconductor chip is mounted onto the die pad. According 
to another aspect of the present invention, the lead frame 
does nor have a die pad, and the semiconductor chip is 
fastened to the inner leads using a reinforcing fastener 
tape. According to still another aspect of the present 
inventron, the semiconductor chip is fastened by means of 
insulating adhesive to the second surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the f irst sur£aces o£ the inner 
leads through wires, respectively. According to yet still 
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another aspect of the present invention, the semiconduccc 
chip is fastened to the second surfaces of the inner lead: 
oy bumps thereby u be electrically connected to the ir.ne: 
leads. Jr. the above descriptions, in the case that th« 
terminal columns have terminal portions which are arranged 
on top ends of the terminal columns, with the terminal 
portions made of solders, etc. and exposed to the outside 
beyond the resin encapsulate, while it is the norm that the 
terminal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, it is not 
necessarily required for the terminal portions to be 
projected beyond the resin encapsulate. Moreover, while it 
is possible to use the outside surfaces of the terminal 
columns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terminal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS] 

The resin-encapsulated semiconductor device in 
accordance with the present invention can meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because the 
forming process of the outer leads as in the case of using 
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a mono-layered lead frame shown in FIG. 13 (bj is r.c 
required, it is possible to prov.de a semiconductor devic 
in which no protls*., are caused in associate,-, w.t: 
pos.tion shir, and colplanarity of the outer leads, -r, 
particularly, the use of a multi-pinned lead frame sr.apec 
in a manner mat inner leads have a thickness less rr.ar 
that of the lead frame blank by a two-step etching process, 
^at is, the inner leads are arranged at a fine pitch, can 
meet a demand for an increase in the pin number of the 
semiconductor aevice. Furthermore, by using the lead frame 
which is fabricated by a two-step etching process as will 
b6 d6SCribed l5tSr wl * h reference to FIG . 1, the second 
surface of each inner lead has copianarity, and is 
excellent in wire-bonding property. m addition, since the 
first surface of the inner lead is also a flat surface and 
the third and fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
copianarity width upon wire bonding process can be 
enlarged. 



[EMBODIMENTS] 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment of the present invention will , 
described hereinafter with reference to FIGs. 1 and : 
-"G. 1(a) is a cross-secional view of tr.e res,., 
encapsulated semiconductor device according to the —3 
embodiment of the present invention. FIG. wh, - 

sectional view of an inne- i«a-< -Un -- 

iluiei iea - -a ken aiong the line Al-A_ 

of TIG. 1(a), and FIG . 1(c) is a cross-sectional view of a 
terminal column taken along the line 31-32 of FIG. 1(a) 
Moreover, FIG. 2(a) is a perspective view of the resin- 
encapsulated semiconductor device according to the first 
embodiment of the present invention, FIG. 2(b) is a front 
view of the resin-encapsulated semiconductor device of FIG. 
2(a), and FIG. 2(c) is a bottom view of the resin- 
encapsulated semiconductor device of FIG. 2(a). m FIGs. 1 
and 2, a drawing reference numeral 100 represents a resin- 
encapsulated semiconductor device, il0 a semiconductor 
chip, HI electrodes (pads), 120 wires, 130 a lead frame, 
131 inner leads, 131Aa a first surface, l31Ab a second 
surface, 131Ac a third surface, 131Ad a fourth surface, 133 
terminal columns, 133A terminal portions, 133B side 
surfaces, 133S a top surface, 135 a die pad, and 140 a 
resin encapsulate. 

In the resin-encapsulated semiconductor device 
according to the first embodiment, as shown in FIG. 1(a), 
the semiconductor chip HO is placed inward of the inner 
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leads 131. As can be readily seen from r TG 
semiconductor chip no is mounted on the die pad 135 at cr. 
surface thereon which is opposed to the other surra, 
tnereof where the electrodes (pads) 111 c - 
semiconductor chip 110 are arranged.. Each electrode 

~s electrically connected to the second surface 131Ac 
cf the inner lead 131 through the wire 120. The electrical 
connection between the resin-encapsulated semiconductor 
device 100 of this embodiment and an external circuit is 
achieved by mounting the resin-encapsulated semiconductor 
device 100 via the terminal portions 133A each being made 
of a semi-spherical solder, on a printed circuit substrate, 
with the terminal portions 133A located on the top surfaces 
133S cf the terminal columns 133, respectively. m the 
resin-encapsulated semiconductor device of the first 
embodiment of the present invention, it is not necessarily 
required to provide a protective frame 180, and instead, a 
structure, as shown in FIG. 1(d), in which no protective 
frame is used can be adopted. 

The lead frame 130 used in the semiconductor device 
100 according to the first embodiment is made of a 42% 
nickel-iron alloy. Therefore, the lead frame 130A which 
has a contour as shown in FIG . 9(a) and is shaped by an 
etching process, is used as the lead frame 130. The lead 
frame 130 has inner leads 131 which are shaped to have a 
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thickness less than that of the terminal columns 133 e 
other portions. Dam bars i36 servg as a ^ ^ 
encapsulating the semiconductor chip HO with a resir. 
Moreover, although the lead frame I30A which is processe 
by etching to have the contour as. shown in FIG. 9(a) is 
used in this embodiment, the lead frame is not limited to 
such a contour because portions except the inner leads 131 
and the terminal columns 133 are not necessary. The inner 
leads 131 have a thickness of 40 Dm whereas the portions 
of the lead frame 130 other than the inner leads 131 have a 
thickness of 0.15 mm which corresponds to the thickness of 
the lead frame blank. The other portions of the lead frame 
130 except the inner leads 131 may not have the thickness 
of 0.15 mm, but have a thickness of 0.125 mm-0.50 mm which 
is thinner. The tips of the inner leads 131 have a small 
Pitch of 0.12 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
13iAb of the inner lead 131 has a substantially flat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG . 1 (b ) , because the third and fourth faces 
131AC and 13lAd have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 13lAb is narrowed. 

In the present embodiment, since twisting does not 
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wherhe: 



occur in the inner leads 131 irrespective of 
inner leads 131 is long or not. The inner leads having th 
contour, a: shown in FIG. 9 (a;, in which the tips of tr. 
inner leads 131 are separated one from another, ar 
prepared by the etching process, and the inner leads ar- 
resin-encapsulated after mounting the semiconductor chic 
thereon as will be described later. However, where the 
inner leads 131 are long in their length and have a 
tendency for the generation of twisting therein, it is 
impossible to fabricate the lead frame by etching to have 
the contour as shown in FIG. 9(a). Therefore, after 
etching the lead frame in a state where the tips of the 
inner leads are fixed to the connecting portion 131B as 
shown in FIG. 9(c) (<), the inner leads 131 are fixed with 
the reinforcing tape'l60 as shown in FIG. 9(c) (□). Then, 
the connecting portions 131B which are not necessary in the 
fabrication of the resin-encapsulated semiconductor device 
are removed by a press as shown in FIG. 9(c) (/n), and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resin-encapsulated semiconductor device will now be 
described with reference to FIG. 8. First, the lead frame 
130A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. 8(a)). 

Then, the semiconductor chip no is nounted on . e 
cie pad 135 such tnat the surfaces of the serr.i conduct c 
zr.Lp HO on which the electrodes 111 ars arranged, 
directed upward (FIG. 9(b)). 

Next, after the semiconductor chio nn 

onto the die D ad i -w a 

■ - — ' - n -e electrodes in 0 * 

semiconductor chio no = n n -h Q =.„ 

-P no =nd ,ne secono surfaces 131Ab of the 

inner leads 131 are bonded wirh -ac* o-hc, 

-■ eaCi - Ouher using wires 120 

(- r IG. 8 (c) ) . 

Subsequently, encapsulation is carried out with the 
conventional resin encapsulate no. Thereafter, 
unnecessary portions of the lead f rame 130 which are 
Protruded from the resin encapsulate U0 are cut by a press 
to form terminal columns 133 and also the side surfaces 
133B of the terminal columns 133 (FIG. 8(d)). 

Then, the dam bars 136, the frame portions 137, etc. 

Next, the terminal portions 133A each made of the semi- 
spherical solder are arranged on the outer surface of each 

terminal column 111 1-0 

133 to xaoricate a resin-encapsulated 

semiconductor device (FIG. 8(e)). 

Thereafter, the protective frame 180 is arranged by 
-ans of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfaces 
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of the terminal columns 133 are covered thereby (FIG 
6(f)). At this time, the protective frame 130 functions t 
reinforce the semiconductor device. m other words, th 
protective frame 180 serves to prevent moisture frcm 
leaking into a gap between the resin encapsulate and the 
terminal columns due to the fact tnat tne sroe surfaces of 
the terminal columns are exposed to tne outside, whereby a 
crack is not formed in the semiconductor dev.ce and the 
breakage of the semiconductor device is avoided. However, 
Persons skilled in the art will readily appreciate that it 
is not necessarily required to provide the protective frame 
ISC Also, when such an encapsulating process by the resin 
^ carried out using a desired moid, the encapsulating 
Process is implemented in a state wherein the outer side 
surfaces of the terminal columns of the lead frame are 
somewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
embodiment will- now be described in function with the 
attached drawings. fig. H is of cross-sectional views 
respectively illustrating sequential steps of the etching 
Process for the lead frame of the first embodiment. In 
Particular, the cross-sectional views of fig. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG. U, the reference numeral 1110 denotes a lead frame 
blank, U20A and 1120B resist ^ ^ 
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1140 second ODeninos n?n * ■ 

' gs ' 1x50 fl ^st concave portions, :; 

second concave portions, 1170 fhr ,,. r « a 

u * ia - surfaces, and 1130 5 

etch-resistant laye>- r,- r -- . 

-ye.. arsL, a water-soluble casein resis 

using potassium dichromate as a sensitive agent i 
over both surfaces of the lead frame blank 1110 , l3 de 

42% niCkel " ir ° n ail °* - d --nc a thickness of aoout 

nan. Using desired pat-e-n n u- oe 

p "* e * a Pla-es, tne resist films a-. 

Patterned „ for. resist patterns U20A and U20B nav<n- 
:ir " ° Penin9 U30 Md »P.nin„ 1140, respectively 



- 5 COc" r 



i = I3. 11(a)). 



The first opening ll30 is adap „ d „ ^ ^ ^ 
r»» Man, 1U0 to nave a fiat etched bottc surface to a 
thiekn... seller than that of the iead fra.e Man, 1110 in 
a subsequent process. The second openings H40 are adapted 
» for ra desired shapes of tips of inner ieads. Alt hough 
--ne first opening U30 inciudes at ieast an area forcing 
«. tips of the inner leads mo, a topology generated by 

partially thinned Dortion bv »^k- 

.or, .on Dy etching m a subsequent 

Process can cause hindrance in a taping process or a 
dating process for f ixin g che lead fra „ e , ^ ^ ^ 
to be etched needs to be large without being United to 
fine portions of the tips of the inner ieads. Thereafter 
both surfaces of the iead frame Man* mo forced „ith the 
resist patterns are etched using a <8 Be' ferrrc chioride 
solution of a temperature of 57* at a spray pressure of 
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2-5 kg/cm"'. The etching proc .„ is ce , minated ^ 
of time when first recesses 1150 etched to have a :l a 
etcned bottom surface have a depth h corresuond.no to 2/ 

cr ~ ne -sickness of the loan . - 

e —ad __ane oiana (r:c.. llitij. 

Although both surfaces of the. lead frame blank 111. 

are simultaneously etched in the primary etching process, 

it is not necessary to simultaneously etch both surfaces of 

"■he lean frame blank U10 . The reason why both surfaces of 

toe lead frame blank 1110 are simultaneously etched, as in 

this embodiment, is to reduce the etching time taken in a 

secondary etching process as will be described later. The 

:=tal time taken for the primary and secondary etching 

Processes is less than that taken in the case of etching of 

only one surface of the lead frame blank on which the 

resist pattern 1120B is formed. Subsequently, the surface 

Provided with the first recesses U50 respectively etched 

at the first opening 1130 is entirely coated with an 

etch-resistant hot-melt wax .actdio wax type MR-WB6, The 

Inctec Inc.) by a die coatf-r * 

y aie coater to form an etch-resistant 

layer 1180 so as to fill U d the 

up trie iirst recesses 1150 and to 

cover the resist pattern 1120A ( FIG . 11(c)). 

It is not necessary to coat the etch-resistant layer 
1180 over the entire portion of the surface provided with 
the resist pattern 1120A. However, it is preferred that 
the etch-resistant layer 1180 be coated over the entire 
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portion of the surface formed with the first recesses 115; 
and first opening 1130, as shown in FIG . 11(c), because i: 
is difficult to coat tne ecch-resis tant layer 1180 only on 
the surface portion including tne first recesses 115:. 
Although the etch-resistant layer 1180 wax employee in this 
embodiment is an alkali-soluble wax, any suitable wax 
resistant to the etching action of the etchant solution and 
remaining somewhat soft during etching may be used. A wax 
for forming the etch-resistant layer 1180 is not limited to 
the above-mentioned wax, but may be a wax of a UV-settmg 
type. Since each first recess 1150 etched by the primary 
etching process at the surface formed with the pattern 
adapted to form a desired shape of the inner lead tip is 
filled up with the etch-resistant layer 1180, it is not 
further etched in the following secondary etching process. 
The etch-resistant layer 1180 also enhances the mechanical 
strength of the lead frame blank for the second etching 
process, thereby enabling the second etching process to be 
conducted while keeping a high accuracy. it is also 

possible to enable a second etchant solution to be sprayed 
at an increased spraying pressure, for example, 2.5 kg/cm 2 
or above, in the secondary etching process. The increased 
spraying pressure promotes the progress of etching in the 
direction of the thickness of the lead frame blank in the 
secondary etching process. Then, the lead frame blank is 
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In thi 



subjected to a secondary etching process, 
secondary etching process, the lead frame blank liic - 
etched at its surface formed witn first recesses 111 
having a flat etched bottom surface, to completely 
perforate the second recesses 1160,. thereby forming the 
tips of inner leads 131A (FIG. 11(d)). 

The bottom surface 1170 of each recess formed by the 
primary etching process is fiat. However, both side 
surfaces of each recess positioned at opposite sides of the 
bottom surface 1170 have a concave shape depressed toward 
the inside of the inner lead. Then, the lead frame blank 
is cleaned. After completion of the cleaning process, the 
etch-resistant layer 1180, and resist films (resist 
patterns 1120A and U20B) are sequentially removed. Thus, 
a lead frame 130A having a structure of FIG. 9(a) is 
obtained in which tips of the inner leads 131A are arranged 
at a fine pitch. The removal of the etch-resistant layer 
1130 and resist films (resist patterns U20A and 1120B) is 
achieved using a sodium hydroxide solution serving to 
dissolve them. 

The processes for manufacturing the lead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment of the present invention, which have a thickness 
less than that of the lead frame. Especially, the first 



591543 vl 



25 



M-5599 US 
9-8205 



surfaces 131Aa of the tips of the inner leads as shown i 
FIG. 1, are flushed with one surfaces of remaining port.cn 
of the inner l3ads having the sar,e thickness with the lea. 
frame while being opposed to the second surfaces l-i^b, and 
the third and fourth surfaces are formed to have a concave 
shape which is depressed toward the inside of the inner 
leads, where a semiconductor chip is mounted on the second 
surfaces 131Ab of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
device according to a third embodiment as will be described 
hereinafter, an increased tolerance for the connection by 
bumps is obtained when the second surface 131Ab has a 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in FIG. 12 is 

adooted in this rp?« tk« ~_ • ■ 

cms case. The etcnmg method shown in FIG. 12 

is the same as that nf rrr - - 

tnat of FiG . ln association with its 

Primary etching process. After completion of the primary 
etching process, the etching method is conducted in a 
manner different from that of the etching method of FIG. 11 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses 1160 by the etch-resist layer 1180, thereby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1140 is performed in a 
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sufficient manner. The cross section of each inner lea:, 
including its tip, formed in accordance with the etchmc 
metnod or riG. 12, has a concave shape depressed toward the 
inside of the inner lead at the second surface 121Ab, as 
shown in FIG. 6(b). 

The etching method in which the etching process is 
conducted at two separate steps, respectively, as in that 
of FIGs. 11 and 12, is generally called a "two-step etching 
method". This etching method is advantageous in that a 
desired fineness can be obtained. The etching method used 
to fabricate the lead frame 130A of the first embodiment 
shown in FIG . S involves the two-step etching method and 
the method for forming a desired shape of each lead frame 
portion while reducing the thickness of each pattern 
15 formed. m particular, the etching method makes it 
possible to achieve a desired fineness. In accordance with 
the method illustrated in FIGs. II and 12, the fineness of 
the tip of each inner lead 13IA formed by this method is 
dependent on the shape of the second recesses 1160 and the 
thickness t of the inner lead tip which is finally 
obtained. For example, where the blank has a thickness t 
reduced to 50 Dm, the inner leads can have a fineness 
corresponding to a lead width Wl of 100 Dm and a tip 
pitch p of 0.15 mm, as shown in FIG. 11(e). In the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl of 70 Cta, it is posSxble Co form inner 
having a fineness corresponding to an inner lead pitch p c 
0.12 .run. Of course, it may be possible to form inner _ead 
having a further reduced tip pitch by adjusting the ciar. 
thickness t and the lead width Wl .. That is to sav, a 
inner lead tip pitch p up to 0.08 mm, a blank thickness ■■< 
to 25 Dm , and a lead widch ^ up ^ ^ ^ ^ ^ 



obtained. 



In the case where twisting of the inner leads does not 
occur in the fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG . 9(a) can be directly obtained. 
However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner leads are bound to each other 
by a connecting member 131B as shown in FIG. 9(c) K). 
Then, the connecting member 131B which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a press to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9(c) K> are cut to 
obtain the lead frame having the contour shown in FIG. 
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9(a), a reinforcing tape 160 (a polyi m i de race) ; 

generally used, as shown in TIG. 9(c) (M). While tr 

connecting member 1313 is cur off by means of a press t 

obtain. the contour shown in FIG. 9(0(0;, a semiconductc 

device is mounted on the lead frame still having th 

reinforcing tape attached thereon. Also, the .-ncur.tec 

semiconductor device is encapsulated with a resin in 

condition where the lead frame still has the tape. The 

line EU-E12 illustrates a cut portion. 

The tip of the inner lead '2' * 

--e ieaa rrame used 

m the semiconductor device o- - — <= „ u • 

• te °- - : -- s --rst embodiment has a 

cross-sectional shape as shown in TIG . 13(-f,(a). The tip 
131A has an etched flat surface (second surface) !3iAb 
which is substantially flat and therefore has a width Wl 
slightly greater than the width W2 of an opposite surface. 
The widths Wl and W2 (about 1000 Dm) are more than the 
width W at the central portion of the tips when viewed in 
che direction of the inner lead thickness. Thus, the tip 
of the inner lead has a cross-sectional shape having 
opposite wide surfaces. To this end, although either, of 
the opposite surfaces of the tip 131A can be easily 
electrically connected to a semiconductor device (not 
shown) by a wire 120A or 120B, this embodiment illustrates 
Che use of the etched flat surface for wire-bonding as 
shown in FIG. 13(D) (a). In FIG. 13, a reference numeral 
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131Ab depicts an etched flat surface, 13 lAa a surface cf 
iead frame blank, and 121A and 1213, respectively, ? plate 
portion. in the case of * IG . :3| a )(a; , che „ ha 
particularly excellent in wire-bonding property, oecaus, 
the etched flat surface does not nave roughness. riG. 
13(-) shows that the tic 13315 of the inner lead of the 
lead frame fabricated according to the process illustrated 
in FIG . 14 is wire-bonded to a semiconductor device. In 

this case, however, both the cnni*-;-^ ^ 

Lne opposite surraces of the tie 

13313 of the inner lead are fiat, but have a width smaller 
than that in a direction of the inner lead thickness. i„ 
addition to this, as both the opposite surfaces of the tip 
13313 is formed of surfaces of the lead frame blank, these 
surfaces have an inferior wire-bonding property as compared 

"O that Of the PtrhoH n 

etched surrace of this first 

embodiment. FIG. i 3 (-, shows that the inner lead t . p 
1331C or 1331D, obtained by thinning in ita thickness by a 
means of a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown). m this 
case, however, a pressed surface of the inner lead tip is 
not flat as shown FIG. i 3( -,. Thus , the wire . bonding Qn 
either of the opposite surfaces as shown in FIG. 13(-)( a ) 
or FIG. 13(-)(b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 
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A modified example of the resin-encapsulate 
semiconductor device in accordance with the firs 
embodiment of the present lnvencior . wU , .^J'" 
hereinafter. FIGs. 3(a) through 3(e) are cross-secti = r.a 
views of the modified example of the resin-encapsulate; 
semiconductor device in accordance with the first 
embodiment of the present invention. The semiconductor 
device of the modified example as shown in FIG . 3(a), is 
different from that of the first embodiment in that a 
Position of the die pad 135 is chanced, that is, the die 
Pad 135 is exposed to the outside. 3 y the fact that the 
15 eXpOSSd " out. ide, the heat dissipation 

Property is improved as compared to the first embodiment.. 
Also, in the semiconductor device of the modified examole 
as shown in FIG. 3(b), because the die pad 135 is exposed 
to the outside, the heat dissipation property is improved 
as compared to the first embodiment. Unlike the first 
embodiment or the modified example as shown in FIG . 3(a), 
in the present modified example as shown in FIG. 3(b), 
because a direction of the semiconductor device 110 is 
changed, the f irst S urfaces of the lead frame are 
established as the wire bonding surfaces. The modified 
examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 

semiconductor device uK^k i_ 

oevices wnich are obtained by modifying the 

semiconductor devices of rha f-i^^*. l. 

aevices of the first embodiment, the modified 
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example as shown in FIG . 3(a) and the modified example a 
shown in FIG. 3(b), wherexn the semi-spherical solders ar 
not used, and instead, the too surfaces of the tezmir.a 
columns are directly used as the terminal portions, whereb 
an entire manufacturing procedure can be simplified. 

Next, a resin-encapsulated semiconductor device i 
accordance wxth a second embodiment of the cresen- 
invention will be described. FIG. 4 (a) is a " cross- 

SeCti ° naI ViSW ° f the -sin-encapsulated semiconductor 

aevice in accordance with ^no ^-^^ 

iU - ne second emoodiment of the 

Present invention, TIG. 4(b) is a cross-sectional view 
illustrating inner leads, taken along the line A3-A4 of 
"G. 4(a), and fig. 4(c) is a cross-sectional view 
illustrating a terminal column, taken along the line B3-B4 
ci FIG. 4(a). Because an outer appearance of the 

semiconductor device of the second embodiment i s 
substantially the same as that of the first embodiment, it 
is not illustrated in the drawings. In FIG. 3, the drawing 
reference numeral 200 represents a semiconductor device, 
210 a semiconductor chip, 211 electrodes (pads), 220 wires, 
230 a lead frame, 231 inner leads, 231Ab a second surface, 
231AC a third surface, 231Ad a fourth surface, 233 terminal 
columns, 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 240 a resin encapsulate, and 270 a 
reinforcing fastener tape. m the semiconductor device of 
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this second embodiment, tne lead frame ^ ^ ^ _ 

pad, the semiconductor chip 210 is fastened - ... 
-net leads .3! oy tne reinforcing fastener tape 272, , n; 
the semiconductor chip 210 is electrically connected a- ... 
electrodes (pads, 211 to tht second . surfaces 231Ao - - 
inner ieacs 231 by „ ires 2 20. Also, in the case of 
second embodiment, similarly „ th . first e ^ od ,^ ^ 

electrical connection be^^n 

oe-ween tne resin-encapsulated 

semiconductor device 200 of *h< s 

ox _...s embodiment and an external 

circuit is achieved by mo U n--n C -•,<=> 

j' "w. „ _ ne resm-encapsuiated 

semiconductor devrce 200 via the terminal oortions 233A 
each dern 9 rede of a semi-spherical solder, on a printed 
crrcuit substrate, with ch . te;ninal 233a 

on the :od surfaces r^q ^, 

S 233S °^ tne terminal columns 233, 

respectively. 

in addition, the semiconductor dev 1C e of this second 

and 10, b,. The manufacturing method of the semiconductor 
oevrce of this embodiment usrng th e lead frame 230A which 

" ShaP8d bV " e e " hi "^ P«c.«» is substantial^ the same 
« that of the first embodiment except that, while in the 
case of the first embodiment, the wire bonding process and 
resin encapsulating proces s are performed in a state 
wherein the semrconductor chip is fastened to the xnner 
leads, in th . case of the second embodiment> ^ ^ 
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bonding process and resin encapsulating process 2r 
performed in a state wherein the semiconductor chip 210 i 
fasteneJ together with the inner ieacs 231 by th 

reinforcing fastener tape 270. r- np • 

for the unnecessary portions and the -----a c _. , _ 
forming process after resin encapsulating process are 
implemented in the same way as the first embodiment. The 
lead frame 230 as shown in FIG . 10(a) is obtained in the 
same manner by which the lead frame 130A as shown in FIG . 
9(a) is obtained. In other words, by cutting the resultant 
structure obtained after etching the structure as shown in 
--IG. 10(c) (-fj, the contour as shown in FIG. 10(a) is 
obtained. At this time, the conventional reinforcing 
fastener tape 260 (the P olyi mi oe tape) as shown in FIG. 
10(0 (□), which performs a rein;orc . ng function . a used> 

FIG. 5(a) through 5(c) are cross-sectional views 
illustrating modified examples of the semiconductor device 
of the second embodiment. The semiconductor device as 
shown in FIG. 5(a) is different from the semiconductor 
device of the second embodiment, in that the surface of the 
semiconductor chip thereof which has the electrodes is 
directed downward. The modified examples as shown in FIGs. 
5(b) and 5(c), illustrate semiconductor devices which are 
obtained by modifying the semiconductor devices of the 
second embodiment and the modified example as shown in FIG. 
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15 



20 



25 



5(a), wherein the semi-spherical solders are not used, and 
instead, the top surfaces of the terminal columns are 
directly usee as the terminal portions. In these camples, 
because a protective frame is not used and the side 
surfaces 233B of the terminal columns 233 are exposed to 
the outside, a checking operation by a test, etc. can re 



easily performed 



Hereinafter, a resin-encapsulated semiconductor 
device in accordance with a third embodiment of the present 
invention will be described. fig. 6(a) is a cross- 
sectional view of the resin-encapsulated semiconductor 
device of the third embodiment, FIG. 6(b) is a cross- 
sectional view illustrating inner leads, taken along the 
line A5-A6 of FIG. 6(a), and FIG. 6(c) is a cross-sectional 
view illustrating a terminal column, taken along the line 
B5-56 of FIG. 6(b). Because an outer appearance of the 
semiconductor device of the this third embodiment is 
substantially the same as that of the first embodiment, it 
is not illustrated in the drawings. In FIG. 6, the drawing 
reference numeral 300 represents a semiconductor device, 
310 a semiconductor chip, 312 bumps, 330 a lead frame, 331 
inner leads, 331Aa a first surface, 331Ab a second surface, ' 
331Ac a third surface, 331Ad a fourth surface, 333 terminal 
columns, 333A terminal portions, 333B side surfaces, 333S 
top surfaces, 340 a resin encapsulate, and 350 a 
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reinforcing fastener tape. m the semiconductor device or 
this third embodiment, the semiconductor chip 310 i s 
fastened to the second surfaces 33iAb of the ::,er ieaas 
331 by the bumps 311 thereby to be eiectricallv re—- ^ 
to the second surfaces 331Ab. The . lead frame 330 has a 
contour as shown in FIGs . 10(a) and 10(b), which is formed 
oy the etching process of FIG. u. 



As shown 



13(f) (b), born widths HIS and K2A (about 100 Dm; « COD 

width WA at a center portion in a thic*ness-wise direction. 
=ue to the fact that the second surfaces 331Ab of the inner 
leads 331 is depressed toward the insrde of the inner leads 
and the first surfaces 331Aa are fiat, a desired fineness 
oan be obtained. Also, when the second surfaces 33!Ab of 
im - r ieadS 331 •« -leotricaliy connected to the 
semiconductor chip via bumps, easy connection can be 
accomplished as shown in FIG . 13,D, (b) . Further , in ^ 
oase of this third embodiment, as in the case of the first 

and second embodiments, the elP^ri^i 

une eJ -ecrical connection between 

the resin-encapsulated semiconductor devxee 300 of this 

embodiment and an external circui- is flr hip„ 0 H k 

LU1 - 1S achieved by mounting 

the resin-ancapsulated semiconductor device 300 via the 
termrnal portions 333A each berng made of a semi-sphericai 
solder, on a printed circuit substrate, with the terminal 
portions 333A located on the top surfaces of the terminal 
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columns 333, respectively. 

In addition, unlike the semiconductor device of the 
first embodiment, the semiconductor device of this ,,;r: 
embodiment uses a lead frame which is shaped by the ecchinc 
process as shown in FIG. 12. However, the manufacturing 
method of the semiconductor device of this embodiment is 

substantially i-np c 3 « « 

= -^y -.e same as tnat of the first eI3bod .,... 

except that, whtl. in the case of the first embodiment 7 the 
wire bonding process and resrn encapsulating process are 
performed in a state wherein -.he semiconductor Ohio is 
fastened to the inner leads, in the case of this th<-d 
embodiment. the wire bonding proe .„ ^ 

encapsulating process are performed in a state wherein the 

semiconductor chic 310 is 

•n-P 310 xs fastenea to the inner leads 331 

via the bumDs. Also cha • 

Aiso, tne cutting process for the 

unnecessary portions and the terminal portion forming 
process after resin encapsui atrng process are implemented 
in the same way as the first embodiment. 

"G. 6(d) is a cross-sectional view illustrating a 
-dified example of the semiconductor device in accordance 
with the third embodiment of the present invention. In the 
Edified example of the semiconductor device as shown in 
™. 6(d). the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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portions. Because the protective frame is not used and th, 
side surfaces 333B of the terminal columns 333 are expose; 
to the outsioe, a checking operation by a test, etc. car. be 
easny performed. 

Hereinafter, a resin-encapsulated semicor.ductor 
aevace in accordance with a fourth embodiment of the 
present invention »iU be described. FIG. 7,a, is a crcss- 
sectronai view of the resin-encapsulated semiconductor 
cevrce of the fourth embodiment, FIG. 7(b) . 
sections: view illustrating inner ieaos. taken along the 

view illustrating a terminal column, taken along the line 
37-38 of FIG. 7(b). Because an outer appearance of the 
semiconductor device of the this fourth embodiment is 
substantially the same as that of the firs-, embodiment, it 
rs not illustrated in the drawings, m FIG . 7, the drawing 
reference numeral 400 represents a semiconductor device, 
"0 a semiconductor chip, 4!1 pads, 430 a lead frame, 431 
inner leads, 431Aa a first surface. 431Ab a second surface, 
431AC a third surface, 431Ad a fourth surface, 433 terminal 
columns, 433A terminal portions, 433B side surfaces, 433s 
top surfaces, 440 a resrn encapsulate, and 470 insulating 
adhesive. m the semiconductor device of this fourth 
embodiment, one surface of the semiconductor chip 410 on 
which the pads 411 are disposed is fastened to the second 
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surfaces 431Ab of the inner leads 431 by the insulate 
adhesive 470, and the pads 411 and the first surfaces 431Aa 
of the inner leads 431 are electrically connectec ,ith earn 
other by wires 420. The semiconductor device of this 
fourth embodiment uses the same lead. frame which is usee m 
the third embodiment, which has the contour as shown in 
FIG. 10(a) and 10(b). Also, in the case of this fourth 
embodiment, as in the case of the first and second 
embodiments, the electrical connection between the resin- 
encapsulated semiconductor device 4 00 of this embodiment 
and an external circuit is achieved by mounting the resin- 
encapsulated semiconductor device 400 via the terminal 
portions 433A each being made of a semi-spherical solder, 
on a printed circuit substrate, with the terminal portions 
4 33A located on the top surfaces of the terminal columns 
433, respectively. 

FIG. 7(d) is a cross-sectional view illustrating 'a 
modified example of the semiconductor devioe in accordance 
with the fourth embodiment of the present invention. m 
the modified example of the semiconductor devioe as shown 
in FIG. 7(d), the terminal portions each comprising the 
semi-spherical solder are not provided, and the top 
surfaces of the terminal columns are directly used as the 
terminal portions. Because the protective frame is not 
used and the side surfaces 433B of the terminal columns 433 



591543 v: 



39 



M-5599 US 
9-8205 



are e xpossd to ch . e»t.id., a che= !:i „ g operation by , t . 
etc. can be easily performed. 



[EFFECTS OF THE INVENTION] 

The present invention provides a resin-encapsulated 
semiconductor device employing the above-mentioned leac 
frame, which is capable of meeting a demand for the 
-creased terminal number. Furthermore, the resin- 
encapsulated semiconductor device in accordance with this 
invention does not retire a process of cutting or bending 
the dam bars as in the case of using a lead frame having 
cuter leads as shown in FIG. 13(b). As a result of this, 
cne -sin-encapsulated semiconductor device does not have a 
problem in that the outer leads are bent, or a problem 
associated with coplanarity. I, addition ZQ zhm 
advantages, the resin-encapsulated semiconductor device has 
a shortened interconnection length as compared to the QTP ^ 
or the BGA, whereby the semiconductor device can "be reduced 
in a parasitic capacity, and shortened in a transfer delay 



time . 
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